be too open of a system, leading to loss of both labile and recalcitrant materials. Here we present 20 a novel experimental procedure for maturing tissues under elevated pressure/temperature inside 21 compacted sediment. In this procedure, porous sediment allows for labile maturation breakdown 22 products to escape from the sample into the sediment and maturation chamber while recalcitrant, 23 2 immobile components are contained, in a manner expected to be similar to the natural conditions 24 of fossilisation. To test the efficacy of this novel procedure with respect to simulating fossil 25 diagenesis in a simple case study, we investigate the differential survival of melanosomes relative 26 to proteinaceous tissues through maturation of fresh lizard body parts and feathers. ultrastructures are then compared to fossils. Similar to many carbonaceous exceptional fossils, the 28 resulting organic components are thin, dark films composed mainly of exposed melanosomes 29 resting on the sediment in association darkened bones. Keratinous, muscle, collagenous, and 30 adipose tissues appear to be lost. Such results are consistent with predictions derived from non-31 sediment-encased maturation experiments and our understanding of biomolecular stability. These 32 experiments might also suggest that organic preservation is largely driven by the original 33 molecular composition of the tissue and the diagenetic stability of those molecules, rather than the 34 tissue's decay resistance alone, and this should be experimentally explored in the future. patterns of decay (Sansom et al. 2010a (Sansom et al. , 2010b (Sansom et al. , 2013 Regarding the specific experiments described here, we hypothesise that tissues containing 173 diagenetically-unstable organics like proteins and labile lipids (e.g., keratinous, collagenous, 174 muscle, and adipose tissues) will largely become degraded and lost into the sediment, while 175 diagenetically-stable organics like melanin (i.e., melanosomes) will tend to remain with the 176 specimen. If the hypothesised filtering effect of porous sediment on diagenetically-altered organic 177 materials is correct, then experimental results from sediment-encased maturation should be 178 expected to resemble fossils such that preserved organic stains consist largely of exposed 179 melanosomes resting on the sediment with a loss of surrounding tissues. 180
181
A statement on the relative role of diagenesis versus decay in molecular preservation? 182
9
A second aspect of our experiments involves investigating the relative importance of diagenesis 184 and decay in carbonaceous exceptional fossils. None of our experimental samples were subjected 185 to a decay treatment prior to sediment-encased maturation. In many natural settings, these tissues 186 are often rapidly decayed through autolytic or microbial mechanisms. We therefore specifically 187 test the survivability of pristine (i.e., non-decayed) tissues during maturation. We predict that if 188 molecular thermal stability is a major factor in determining the composition of carbonaceous 189 exceptional fossils, then our experimentally matured samples will experience dramatic volume 190 loss and largely consist of a film of melanosomes similar to fossil observations without requiring 191 a prior decay treatment. 192
193

METHODS
194
195
Fresh feathers (Gallus gallus and Meleagris gallopavo from UK farms) and lizards (Anolis 196 captured from the wild in Arizona, USA) were matured shortly after acquisition/humane 197 euthanasia via CO 2 asphyxiation with their full range of tissue composition present (see Saitta et 198 al. (2018) for additional, preliminary results on non-vertebrates). Specimens were buried in easily-199 compacted bentonitic clay (purchased from Clay Terra) inside a metal piston and compacted using 200 a hydraulic press (9-18 tonnes over 126.7 mm 2 ), producing a consolidated tablet (Fig. 1A) . 201
Previous attempts with loose sediment did not produce results macrostructurally comparable to 202 fossils, or amenable to easy structural analysis, indicating that compaction is important in 203 establishing the desired pore space filtration. Tablets were loaded into a welded metal tube (19 204 mm inner diameter), forming an airtight chamber tapped for a high-pressure airline, with the goal 205 of providing space for the escape of maturation products from the sediment (Fig. 1B) Fig. 2A-I ). Only flattened and darkened skeletal material remained (greater temperature produced 225 darker hues in the bones), surrounded by a thin, dark film where soft tissues existed previously, 226 resulting in a body outline. SEM revealed that these organic stains lacked original tissue structure 227 and histology, were associated with sediment impressions, and contained exposed oblate 228 melanosomes (about 0.4 and 0.3 µm in length and width, respectively) resting on the sediment. In the following discussion, the feather and lizard sediment-encased maturation experiments' 244 ability to discriminate stable from unstable organics as well as their similarity to fossils is judged. 245 Then, the experiments are discussed in relation to how they might elucidate our understanding of 246 the importance of diagenesis in fossilisation and of the correlation between molecular stability and 247 preservation. Next, the usefulness of sediment-encased maturation in understanding fossilisation 248 is compared to that of previous taphonomic experiments and methodologies, with particular 249 discussion of the importance and implications of the sediment filtration mechanism. Finally, the 250 potential and versatility of sediment-encased maturation is discussed, particularly in relation to Furthermore, large sediment tablets make for easy downstream analyses of matured samples using 448 various techniques beyond those such as pyrolysis-gas chromatography-mass spectrometry (Py-449
GC-MS), including surface analyses like TOF-SIMS. 450
Overall, based on the current experiments, our sediment-encased maturation appears to 451 more closely model carbonaceous fossilisation than previous experimental attempts. Knowing 
458
Future experimentation with sediment-encased maturation will allow for examining the relative 459 impact of specific taphonomic variables. Sediment type, moisture content and fluid species/pH, 460 compaction magnitude/number, and maturation temperature, pressure, duration, and pressuring 461 gas species could all be controlled to test many taphonomic hypotheses. While the individual effect 462 of each of these variables in isolation has yet to be fully disentangled, given that the maturation 463 conditions used here are comparable to those of earlier non-sediment-encased maturation 464 experiments (particularly Saitta et al. 2017a), it can be safely concluded that it is largely the effect 465 of encasing sediment responsible for the dramatically improved results under our protocol. 466
Depending on the age and thermal maturity of the fossils one is interested in, further changes to 467 the experimental variables of our method might produce results more comparable to those fossils. oxidised fatty acids and amino acids that also produce browning (Hidalgo et al. 1999) . Sugars can 550 also react with lipids, in addition to proteins, to form advanced glycation end products (AGEs). 551
These reactions between sugars, lipids, and proteins are non-enzymatic and are accelerated under 552 elevated temperatures (Uribarri et al. 2010) . The darkened bones observed in our lizard 553 experiments may derive from such browning processes and further chemical analyses should be 554 carried out (Jasmina Wiemann, personal communication); similarly, browning in any under-555 matured samples should consider these reactions as potential explanations (e.g., the predominantly 556 white region of the feather resulting in discoloured sediment in Fig. 3B might be due to slightly 557 insufficient maturation conditions leading to incomplete protein degradation or from the low 558 melanin concentrations in some places on this predominantly white region as visible in Fig. 3A) . harden tree resin into a translucent mass with a surrounding escape front of maturation products 571 leaching into the sediment (Saitta et al. 2018) . Whether this hardening is only a result of the escape 572 26 of unstable components into the sediment, as in copal, or if subsequent polymerisation and 573 crosslinking of the more stable components has also occurred, as in amber, should be examined in 574 more detail using chemical analyses. Ultimately, sediment-encased maturation might provide an 575 interesting platform by which to study the organic degradation of the inclusions within an organic 576 matrix of stabilised resin. Thus, the method might be able to examine organic geochemistry in 577 settings other than inorganic sediment matrices. 578
Mimicking the taphonomic histories and lithologies of specific Konservat-Lagerstätten 579 using sediment-encased maturation may produce various preservational modes beyond those 580 described here, especially if a decay treatment is performed prior to maturation in order to induce 581 authigenic mineralisation alongside carbonaceous stains. The effect of sediment type or other 582 abiotic factors of the burial environment on observed organic preservation can easily be examined 583 using our method. 584
585
CONCLUSION 586 587
We propose that this novel experimental procedure of maturation in compacted sediment allows 588 for observations of the macro-and ultrastructural changes in co-occurring tissues simultaneously. 589
Sediment filtration lets labile molecules to escape while retaining recalcitrant ones. For the first 590 time, we can use maturation to illustrate the dynamic of simultaneous loss versus retention of 591 different organics in tissues (e.g., melanin vs. proteins), owing to the mechanism of sediment 592 filtration as shown here. The results match with those predicted based on analyses of fossils and 593 previous non-sediment-encased maturation experiments and are consistent with our understanding 594
